Executive summary
The global demand for food is increasing because of the growing world population. At the same time, availability of arable land is shrinking. Traditional plant breeding methods have made and will continue to make important contributions toward meeting the need for more food. In many areas of the world, however, the problem is food quality. There may be enough energy available from food, but the staple foods lack certain essential nutrients. In the developed world, demand for "functional foods" (i.e., foods that provide health benefits beyond basic nutrition) is increasing. Nutritional improvements in foods could help to meet both of these demands for improved food quality. Modern agricultural biotechnology, which involves the application of cellular and molecular techniques to transfer DNA that encodes a desired trait to food and feed crops, is proving to be a powerful complement to traditional methods to meet global food requirements. An important aspect of biotechnology is that it provides access to a broad array of traits that can help meet this need for nutritionally improved cultivars. The new varieties developed through modern biotechnology have been identified by a number of terms, including genetically modified (GM or GMO), genetically engineered (GE or GEO), transgenic, biotechnology, recombinant, and plants with novel traits (PNTs) . For the present discussion, the term "GM" will be used because of its simplicity and broad public recognition.
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Background
The first genetically modified crops to be planted on a widespread basis consisted primarily of varieties with improved agronomic characteristics. These have been widely adopted and safely grown and used on a large scale in an increasing number of countries. A newly emerging class of genetically modified crops is being developed with a focus on improved human or animal nutrition. A number of these crops have reached the field trial stage and/or are advancing through regulatory approval processes toward commercialization. These nutritionally improved crops have the potential to help offset nutrient deficiencies; improve the nutritional value of foods and feeds; promote well-being through elevated levels of beneficial compounds; lower levels of natural toxins, toxic metabolites, or allergens; improve processing; and/or enhance taste. To keep this document to a manageable size, its scope was intentionally limited. The document does not discuss the safety or nutritional assessment processes for functional foods (i.e., foods that offer potential health benefits that go beyond satisfying basic nutritional needs), food or feed traits that are principally targeting a health or pharmacologic benefit, or crops that combine (i.e., stack) several improved nutrition traits into a single crop.
As long ago as 1263, the English Parliament decreed that nothing could be added to staple foods that were "not wholesome for a man's body." Consequently, a well-established history and process for assessing the safety of foods introduced into the marketplace exists that long precedes the introduction of genetically modified crops. The assessment of crops with improved nutritional properties, regardless of how those crops are developed, can follow these same well-established principles and processes to ensure that the intakes of essential nutrients in animal and/or human diets are not compromised. A key purpose of the assessment is to determine if adverse effects on health are likely to result from the intended compositional change. This kind of analysis has already been applied in several countries to crops with altered composition, and the principles of the evaluation are applicable to all novel foods. The scientific procedures for this kind of analysis require an integrated multidisciplinary approach, incorporating molecular biology, protein biochemistry, agronomy, plant breeding, food chemistry, nutritional sciences, immunology, and toxicology.
It is well recognized that absolute safety is not an achievable goal in any field of human endeavor, and this is particularly relevant with respect to ingestion of complex substances like foods and feeds. The safe use of a given food or feed has typically been established either through experience based on common use of the food or by experts who determine its safety based on established scientific procedures. Starting in the 1990s, the standard applied to novel, especially genetically modified, food and feed crops has been that they should be as safe as an appropriate counterpart that has a history of safe use. This comparative assessment process (also referred to as the concept of substantial equivalence) is a method of identifying similarities and differences between the newly developed food or feed crop and a conventional counterpart that has a history of safe use. The analysis assesses: (1) the agronomic/morphological characteristics of the plant, (2) macro-and micronutrient composition and content of important antinutrients and toxicants, (3) molecular characteristics and expression and safety of any proteins new to the crop, and (4) the toxicological and nutritional characteristics of the novel product compared to its conventional counterpart in appropriate animal models. The similarities noted between the new and traditional crops are not subject to further assessment since this provides evidence that those aspects of the newly developed crop are as safe as crops with a history of safe consumption. The identified differences are subjected to further scientific procedures, as needed, to clarify whether any safety issues or concerns exist. By following this process, the safety assessment strategies for genetically modified crops have proved, over the past 10 years, to be scientifically robust, providing a level of safety assurance that is comparable to, or in some cases higher than, that available for conventional crops. Approximately 30,000 field trials have been conducted with more than 50 genetically modified crops in 45 countries. As an endorsement to the robust nature of the comparative safety assessment process, more than 300 million cumulative hectares of genetically modified crops have been grown commercially over the past decade with no documented adverse effects to humans or animals.
Numerous independent evaluations of genetically modified crop assessment strategies by scientific organizations (e.g., WHO, FAO, OECD, EU Commission, French Medical Association, US National Academy of Sciences, Society of Toxicology) have concluded that current safety assessment processes for today's genetically modified crops are adequate to determine whether significant risks to human or animal health exist. Indeed, a number of these reports suggest that the use of more precise technology for genetically modified crops may provide a higher level of safety assurance for these crops than for conventionally bred plants, which are usually untested. For example, the 2001 European Commission Report (EC-Sponsored Research on Safety of Genetically Modified Organisms; Fifth Framework Program-External Advisory Groups, "GMO research in perspective," report of a workshop held by External Advisory Groups of the "Quality of Life and Management of Living Resources" Programme) summarized biosafety research of 400 scientific teams from all parts of Europe over 15 years. This study stated that research on genetically modified plants and their products following usual risk assessment procedures has not shown any new risks to human health or the environment beyond the usual uncertainties of conventional plant breeding. Another example is a 2002 position paper by the Society of Toxicology, "The Safety of Genetically Modified Foods Produced through Biotechnology," which corroborated this finding. It is, therefore, important to recognize that it is the food product itself, rather than the process through which it is made, that should be the focus of attention in assessing safety. This paper goes on to state that the Society of Toxicology supports the use of the substantial equivalence or comparative assessment concept as part of the safety assessment of foods derived from genetically modified crops.
The assessment process
The methods presently used to assess the safety of foods and feeds from genetically modified crops with improved agronomic traits are directly applicable to nutritionally improved crops. Molecular characterization studies that assess the sequence and stability of the introduced DNA and studies that assess the potential toxicity and allergenicity of any new proteins produced from the inserted DNA are as applicable to nutritionally improved crops as to other genetically modified products. Compositional analyses that quantify expected and unexpected changes in more than 50 key components (e.g., proximates, amino acids, fatty acids, vitamins, minerals, antinutrients) for agronomically improved genetically modified crops are also appropriate for nutritionally improved genetically modified crops. In 2001/2002, the OECD published lists of analytes for the compositional evaluation of specific crops, with the understanding that the need for analysis of specific compounds should be determined on a case-by-case basis. The compositional analyses provide information on the concentrations of macronutrients, micronutrients, antinutritive factors, and naturally occurring toxins. A database that contains detailed information on the composition of conventionally bred crops has been developed and made available by the International Life Science Institute (ILSI) at www. cropcomposition.org.
Any single safety assessment study has strengths and weaknesses, which leads to the conclusion that it is unlikely that any single study is sufficient to assess the safety of a food product whether developed through biotechnology or any other method. Therefore, consideration of the sum total of studies that comprise the safety and nutritional assessment of the crop is necessary to reach a conclusion that the food or feed products derived from a new genetically modified crop are as safe as the food or feed derived from the conventionally bred counterpart. The strength of the risk assessment depends not only on the sensitivity of any single method, but also on the aggregate sensitivity and robustness of the evidence provided by all methods combined.
Analysis of composition
The fundamental concepts used in food/feed assessments have been refined through extensive international dialogue and consensus building. The key concept is the need to determine whether changes other than the intended new trait have occurred in the new crop. It is recognized that statistically significant differences between the modified crop and its counterpart do not necessarily imply an outcome that might have an effect on human or animal health (i.e., the differences may not be biologically meaningful), but may indicate the need for follow-up assessment on a case-by-case basis. Also, the occurrence of unintended effects is not restricted to modifications introduced via biotechnology; unintended effects also occur frequently during conventional breeding. Therefore, the impact of the insertion of DNA into the plant genome as well as the potential of the introduced trait to alter plant metabolism in an unexpected manner must be evaluated in the context of natural variation present in conventionally bred plants.
A detailed agronomic assessment is one important way to help identify unintended effects. The agronomic assessment evaluates unintended effects at the wholeplant level (i.e., the morphological phenotype and agronomic performance data such as yield). Targeted analysis of composition focused on possible changes at the metabolic level (i.e., the biochemical phenotype) is also an important tool to evaluate unintended effects. Where crops have been modified with the specific intent to change nutritional characteristics, the analysis should include examination of metabolites relevant to the modified anabolic and/or catabolic pathways and the impact of such modifications on the metabolites in related pathways. In the case of nutritional improvements that do not directly modify specific metabolic pathways, special attention to the mechanism of action of the desired trait should be considered. Examples of such traits are crops expressing a protein with an amino acid composition that results in higher levels of specific essential amino acids or crops with other desirable functional or organoleptic properties.
Since the types of nutritionally improved crops anticipated are diverse, the safety and nutritional assessment of each new product should be approached on a case-by-case basis, building on the comparative assessment principles and methods applicable to any new food or feed. A significant change in the dietary intake of a nutrient is defined here as a change that meaningfully affects health, growth, or development.
In addition, the safety assessment of foods and feeds containing improved levels of nutrients will take into account the frequency and quantities in which the food or feed is consumed by humans or animals, as well as the existing knowledge concerning the safety of the nutrient in question. Conventional crops vary widely in composition, as indicated in the 2001/2002 OECD consensus documents and in the ILSI crop composition database (www.cropcomposition.org). Determining the most appropriate conventional comparator for a nutritionally improved crop needs careful consideration. In some cases, it may be appropriate to use the closest genetically related or near isogenic variety, considering simply the nutritional impact of the altered component when the modified crop is used as a direct replacement of the comparator. In other cases, where the nutrient composition is altered to an extent that no suitable comparator can be identified within the same crop, the comparator may be a specific food component derived from another food (e.g., a specific fatty acid profile). In these circumstances, the assessment should focus on the safety of the changed levels of the nutrient in the context of the proposed use and intake of the food or feed as well as the safety of the altered crop. It should also be noted that in cases where one part of the plant is eaten by humans (e.g., grain) and other parts are eaten by animals (e.g., forage) compositional analysis of both will need to be examined separately (e.g., seeds vs. seeds and forage vs. forage) and may lead to different results. Targeted compositional analyses using validated quantitative methods will continue to be the core method to assess whether unintended changes have occurred.
Nontargeted methods
Nontargeted "profiling" methods may supplement targeted analytical methods in the future for the detection of unintended effects in genetically modified crops. Examples of profiling methods include functional genomics, proteomics, and metabolomics for analysis of gene expression (for example, mRNA), proteins, and metabolites, respectively. These methods provide a broad view of complex metabolic networks without the need for specific prior knowledge of changes in individual plant constituents or pathways. These techniques have the potential to provide insight into metabolic pathways and interactions that may be influenced by both traditional breeding and modern biotechnology. A major challenge in the use of profiling methods for the detection of unintended effects is determining whether any observed differences are distinguishable from natural qualitative and quantitative variation due to varietal, developmental, soil, and/or environmental factors. In other words, it must be assessed whether the identified differences are biologically meaningful. Nontargeted profiling methods may thus provide additional oppor-tunities to identify unintended effects, but they must be validated for the purpose, and the baseline range of natural variations must be clearly established and verified before they can be used in a regulatory framework. Profiling methods could, however, target specific metabolic pathways and identify expressed genes, proteins, or metabolites for which specific quantitative analytical methods could then be validated for the regulatory studies. These methods could also be used to assess whether there were changes in associated metabolic pathways. Hence, these methods may be useful during the developmental phase of a product because they can help to focus the safety assessment process by identifying the exact compounds that need to be measured in a specific nutritionally improved product.
The role of animal studies
Feeding studies in laboratory animals and targeted livestock species may be useful to assess the nutritional impact of the intended changes (e.g., the nutritional value of the introduced trait). Studies in laboratory animals may also serve a useful role in confirming observations from other components of the safety assessment, thereby providing added safety assurance.
The safety of the intended changes to a crop are normally tested using a tiered approach consisting of bioinformatic structure-activity relationship investigations for sequence homology with allergens and toxins, followed by in vitro determinations of the digestibility of newly expressed proteins and in vivo studies with appropriate animal species. The types of changes assessed in this manner include the newly expressed proteins, any new metabolites present in the improved nutritional quality of the crop, and substantially altered levels of metabolites preexisting in the crop. Because the type of modification to each new crop is unique, the specific scientific procedures for an assessment should be determined on a case-by-case basis. For this purpose, existing OECD toxicology test protocols may be applicable. In some cases, appropriately designed animal toxicity studies can provide an additional measure of safety assurance. In general, however, such studies in laboratory animals and targeted livestock species are unlikely to reveal unintended minor compositional changes that have gone undetected by targeted analysis because they lack adequate sensitivity.
Numerous animal feeding studies have been conducted with approved and commercialized genetically modified crops with improved agronomic traits. All published animal feeding studies have shown that performance of animals fed ingredients from genetically modified crops was comparable to that of animals fed the conventional counterpart. Thus, it has been concluded that routine feeding studies with multiple species generally add little to the nutritional and safety assessment of genetically modified crops that have no intended compositional changes.
Although animal feeding studies with crops (e.g., maize, soybeans, wheat) that are normal components of animal diets can be relevant and meaningful, animal testing of some food products (e.g., vegetables, fruits) presents additional challenges because animals may not normally consume these products (e.g., macadamia nuts can be eaten by humans with impunity, but cause transient paralysis when fed to dogs). In addition, some nutritionally improved crops create special challenges when choosing a comparator. Examples of these challenges include crops with increased nutrient content that enhances animal performance and crops from which an edible coproduct may remain after the desired nutritional ingredient has been extracted for other purposes. It is noteworthy that the most appropriate comparator may, in some cases, be a formulated diet that allows for comparison of the nutritionally improved crop to the conventional crop supplemented with a purified source of the enhanced nutrient (e.g., amino acid or fatty acid).
Animal studies also may play a role in testing the nutritional value of the introduced trait in a nutritionally improved crop. Analyses of nutrient composition provide a solid foundation for assessing the nutritional value of foods and feeds; however, they do not provide information on nutrient availability. Therefore, depending on the specific nutritional modification being introduced, it may be important to assess nutrient bioavailability in relevant animal studies. The intended changes in each nutritionally improved crop will determine which animal studies are most appropriate. Attention is drawn to guidelines being developed by an ILSI Task Force for animal study designs appropriate for nutritionally improved crops developed through biotechnology.
Postmarket monitoring
The premarket safety assessment of genetically modified foods and feeds provides a scientific basis for ensuring the safety of the food and generally eliminates the need for postmarket monitoring. The premarket safety assessment principles applied to foods derived from genetically modified crops are the same as those applied to other novel foods improved through other processes or methods. These scientific procedures and principles provide the basis for concluding that foods from genetically modified crops are as safe as foods with a history of safe use and consumption. Postmarket monitoring has not been a routine requirement in supporting the safety or regulatory approval of food products, except in a few unique instances where there has been a need to confirm premarket dietary intake estimates to ensure safety and/or nutritional impact.
For example, in some cases regulators have used active postmarket monitoring for novel (albeit non-genetically modified) foods where such issues were identified in the premarket assessment of food ingredients (e.g., potential for digestive tract side effects of olestra or confirmation of consumer intake levels of aspartame and yellow fat spreads enriched with phytosterols).
Postmarket monitoring may be appropriate when there is a need to corroborate estimates of dietary intakes of a nutritionally improved food with expected beneficial effects on human health. Postmarket monitoring must be based on scientifically driven hypotheses relative to endpoints that potentially affect human safety or health. The investigation of adverse events or the potential for chronic health effects, the confirmation of premarket exposure estimates, or the identification of changes in dietary intake patterns represent examples where, in very specific instances, hypotheses may be appropriately tested through postmarket monitoring programs. In the absence of a valid hypothesis, postmarket monitoring for undefined hypothetical adverse effects from foods from a genetically modified (or non-genetically modified) crop is not feasible and adds nothing to the premarket testing results, while potentially undermining confidence in the overall safety assessment process.
The success of any postmarket monitoring strategy is dependent on the accurate estimation of exposure in targeted or affected population groups and the ability to measure a specific outcome of interest and associate it with exposure. There must be traceability from field to consumer and the ability to control confounding factors. Adequate data must be available, therefore, to assess the use, distribution, and destination of the product or commodity within the food supply. The safety and nutritional quality of nutritionally improved products can only be fully assessed in the context of their proposed uses and consequent human and animal exposure/intake. For example, exposure to enhanced levels of dietary components, such as fatty acids, in particular foods needs to be assessed in the context of total dietary exposure, which may be derived from multiple sources. Although this must be performed on a caseby-case basis, the analysis itself need not be complex. Methodologies for assessing human intake of nutrients and other dietary constituents range from per capita methods to methods that use available food consumption databases or direct consumer food consumption surveys. The analysis does not differ, in principle, from that applied to new food ingredients and food and feed additives. Another factor that may complicate the evaluation of nutritional exposure is the variability of the human diet and the global difference in diets and dietary consumption and, as a consequence, the resulting broad distribution of individual nutritional states. Unfortunately, reliable comprehensive dietary intake data are only available for a few countries.
Conclusions and recommendations
The crops being developed with a focus on improved human or animal nutrition hold great promise in helping to address global food security. The existing comprehensive safety and nutritional assessment processes used to assess the safety of genetically modified foods and feeds already introduced into the marketplace are fitting for nutritionally improved crops, although some additional studies may be needed to assess potential human health effects resulting from changed levels of the improved nutritional factor(s). The comparative assessment process provides a method of identifying similarities and differences between the new food or feed crop and a conventional counterpart with a history of safe exposure. The similarities noted through this process are not subject to further assessment since this provides evidence that those aspects of the new crop are as safe as crops with a history of safe consumption. The identified differences then become the focus of additional scientific studies and evaluation. The types of nutritionally improved products anticipated are diverse; therefore, the safety and nutritional assessment of each new product should be approached on a case-by-case basis. Many nutritionally improved crops have modified biosynthetic and/or catabolic pathways, and the impact of such modifications on metabolites in those and related pathways should be specifically and carefully examined. The use of profiling techniques to detect unintended effects is still limited by the difficulties in distinguishing possible product-specific changes from natural variation due to varietal, developmental, and/or environmental factors, and therefore, building databases containing information on natural variation is of high priority. These profiling methods may be useful as prescreens to help focus the safety assessment process by identifying the specific compounds that need to be measured in a particular nutritionally improved product. Depending on the nutritional modification being introduced, it may be important to assess nutrient bioavailability in relevant animal studies. Animal studies can play an important role in assessing the nutritional impact of the intended changes (e.g., the nutritional value of the introduced trait) and in confirming observations from other components of the safety assessment, thereby providing added safety assurance. Any postmarket monitoring that is deemed necessary must be based on scientifically driven hypotheses relative to endpoints that potentially affect human and animal safety or health. In the absence of an identified risk, postmarket monitoring for undefined adverse effects for foods from nutritionally improved (or any other) crop is virtually impossible to carry out, is unnecessary, and is inconsistent with, and may undermine confidence in, the premarket safety assessment process.
Recommendation 1. All nutritionally improved foods and feeds should be evaluated for their potential impact on human and animal nutrition and health regardless of the technology used to develop these foods and feeds.
Recommendation 2. The safety assessment of a nutritionally improved food or feed should begin with a comparative assessment of the new food or feed with an appropriate comparator that has a history of safe use.
Recommendation 3. The safety and nutritional assessment of any new nutritionally improved crop varieties should include compositional analysis. In cases where the nutrient composition is altered to an extent that no suitable comparator can be identified, the assessment should focus on the safety of the changed levels of nutrients in the context of the proposed use and intake of the food or feed.
Recommendation 4. To evaluate the safety and nutritional impact of nutritionally improved foods and feeds, it is necessary to develop data on a case-by-case basis in the context of the proposed use of the product in the diet and consequent dietary exposure.
Recommendation 5. Current approaches of targeted compositional analysis are recommended for the detection of alterations in the composition of the nutritionally improved crop. New profiling techniques might be applied to characterize complex metabolic pathways and their interconnectivities. These profiling techniques can also be used in a targeted fashion to generate information on specific nutrients or other metabolites. However, before using profiling methods, baseline data need to be collected and the methods must be validated and harmonized globally.
Recommendation 6. Studies in laboratory animals may serve a useful role in confirming observations from other components of the safety assessment, thereby providing added safety assurance. However, studies in laboratory animals and targeted livestock are unlikely to reveal unintended minor compositional changes that have gone undetected by targeted analysis because they lack adequate sensitivity. Recommendation 7. Animal feeding studies should be conducted in target species to demonstrate the nutritional properties that might be expected from the use of the modified crop, crop component, or coproduct.
Recommendation 8. The premarket assessment will identify safety and nutritional issues before product launch. It is unlikely that any new product with scientifically valid adverse health concerns will be marketed. Postmarket monitoring of nutritionally improved food products may be useful to verify premarket exposure assessments or to identify changes in dietary intake patterns. Postmarket monitoring should only be con-
